Abstract. Wireless sensor networks (WSN) are increasingly popular in the field of greenhouse environment monitoring. In this paper, a new design of greenhouse remote monitoring system based on WSN and WEB is presented.
Introduction
Greenhouse has played a key role in the development of agriculture. Due to the increased demand of food, people are trying to put extra efforts and special techniques to multiply the food production. Use of different technologies towards greenhouse is one of such efforts. Apart from scientific technologies in greenhouse, information technology is now being heavily exercised to improve decision making capabilities in this area. Recently, wireless sensor networks (WSN) attract intensive research efforts due to easy deployment and a large variety of application scenarios. Wireless sensor networks provide the capability of self-organizing, self-configuring, self-diagnosing and self-healing which enable un-interrupt, in-field sensing, measurement, and control [1, 2] . Greenhouse production commonly features as remote, variable, harsh, and sometimes hard to access. Hence, continuous monitoring can be difficult to realize.
With the advancement of wireless communication, micro-electronics, and computer technology, wireless sensor networks show advantages in these applications, and make it possible to acquire spatial and temporal knowledge about greenhouses [3, 4] .
The main purpose of wireless sensor networks in greenhouse is to keep the process of real-time monitoring and control the most suitable environment for growing crops in accordance with expert knowledge [5] . A large number of nodes can collect and transmit data cooperatively in different regions. However, the essence of wireless sensor networks is a distance-limited distributed system. Data management is the key problem of application. Different regional greenhouses need a remote background system to support the task. In recent years, greenhouse remote monitoring technology based on WEB has received more and more attention with the rapid development of the Internet [6] . The combination of WSN and WEB is a very positive direction in greenhouse practices. In this paper, we describe the features and architecture of the greenhouse remote monitoring system, and the approach of distributed data processing by Web application services. Fig. 1 shows the system architecture, which comprises three basic tiers as below.
System architecture
The sensor application tier: This tier contains the wireless sensor nodes and the sink node. For environment monitoring, sensor nodes are usually distributed to certain greenhouses determined by geographical constraints or user requirements. These nodes can self-organize themselves into a WSN, which continuously generates and delivers environment data to the sink node. The information may include temperature, humidity, light and carbon dioxide. Issues about the manner of sensing, reporting and communication protocol are critical in designing this tier.
The distributed management tier: The distributed management tier obtains each greenhouse group data from the sink node through the serial cable. The environment data is forwarded to local processing program for analysis, calculation and visualization. For more comprehensive data processing, some professional platform could be introduced, which is powerful in handling large amount of data.
The WEB service tier: The distributed management tier uploads environment data to the WEB server tier via the Internet. As an important feature of the system, remote users can access the data via Web interfaces. Following this way, users are able to gather, visualize the data from the server. In consideration of the WSN security, users are only provided with data surveillance but assumed having no authority to change parameters of the fundamental tier. 
Sensor application tier
Sensor nodes should have abundant functions, such as data acquisition, data transmission and friendly interface [7] . In order to realize the above functions, sensor node mainly includes four units. First, sensor unit completes information collection and data transformation. Second, microprocessor unit is responsible for nodes control, data processing and the collected data transmission. LPC2131 is selected as processor. The typical greenhouse environment is comprised of temperature, humidity, light, gas and soil, etc. Considering the impact on crop growth, the collection information includes temperature, humidity, light and carbon dioxide. Obviously, sensor is the basis of data gathering, the accuracy of sensor has an important effect on the whole system. The sensor selection should follow the principle of actual demand.
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The technical parameters of each sensor show in Table. 1. Sensor accuracy: ±40ppm + 3% of measured value often more than one path between a source and a destination in the network. In the sensor network, all the nodes have been set in advance. There is only one sink node in a greenhouse group, which controls the data transmission. Relay routing nodes can forward other nodes' data to sink node through the way of multi-hop, and work as ordinary nodes. In order to avoid network congestion, sink node uses tour collection pattern [8] . 
Distributed management tier
The core of greenhouse remote monitoring system is distributed management tier, which is responsible for searching sensor nodes, sending instructions, receiving data, information management, processing alarm information and uploading data to This module controls sink node to send instructions to sensor nodes in point-to-point pattern. All the nodes respectively respond in master-slave pattern.
(2) Information management module: In the application process, the module completes a number of process functions, such as choosing greenhouses, setting working frequency, connecting the database, inquiring data information, visualization, statistics and so on. 
WEB service tier
The WEB service tier's hardware includes network connection equipments (routers, switches, etc) and server. The WEB service tier's software consists of WEB services program and database program [9] . In order to facilitate remote monitoring, the WEB service tier provides remote users with real-time data accessing, by broadcasting refined data packets over the Internet. In the opinion of data security, any user should first get permission from the server before browsing any information.
In the system design, a user should first send a request to the server conveying its user name, password and its own Internet address. Then, this information will be checked by an embedded program to confirm whether the name and password are right. If it is permitted, an acknowledgement message will be sent back to this user. Fig. 4 shows the database table relationship of the tier.
Fig.4 Database table relationship
As an end-user interface, the WEB service tier generally accomplishes four functions:
(1) Basic information maintenance: Maintain the basic greenhouse data (crop species, planting history, unit yield, etc.), and manage user registration.
(2) Data collection and storage: Use TCP Socket to receive data from the distributed management tier, and then compare with standard data format to judge the legitimacy of data, finally storage the correct data. 
The transmission distance d is 1.57 km through equation (4) . Due to different kinds of interference, the actual propagation distance is less than the distance of theoretical calculation in practical application. The maximum distance of one-hop is 856 m.
Test performances
Fig .5 shows the dynamic curve of humidity, which is displayed in distributed management tier by Dundas Chart. As shown in Fig.5 , the humidity range is 47.8% to 49.4% in a short time. Considering the sensor precision, the changes of data accord with greenhouse characteristics. These results demonstrate that sensor application tier has the excellent capability of self-organizing in the greenhouse, and effectively obtains the greenhouse environment data. Meanwhile, light does not appear remarkable changes in the whole time. Through the above analysis, it can be found that the remote monitoring technology can help users to make rapid response and reasonable management methods by collecting real-time data.
Fig. 6 Data monitoring curves
During the experiment period, the packets which are sent from each node to WEB service layer should be up to 2880 each day, according to packets received by the server, the packet transfer rate can be calculated through the following equation:
Where N is packet transfer rate. N r is actual number of received packets and N t is ideal number of received packets. Each sensor node should send 2880 packets every day and the experiment lasted for 141 d. N t can be expressed as 2880×141 = 406080. N r is the received packets of each node in the server during the time. According to the equation (5), packet transfer rate of each sensor node can be calculated. The maximum rate is 95.4%, the minimum rate is 89.6%, and the average rate is 93.5%.
Conclusion
In this paper, a system based on WSN and WEB is presented, which has the capability of environment monitoring and data processing. Experiments are then demonstrated, which shows the system's well performance and the convenience to obtain data analysis. The system has made several achievements in: (1) The system is a practical environment monitoring application that sensor nodes periodically sense their ambience and the information can be eventually uploaded to the server. (2) Sensor information is extracted and visualized accounting for its authenticity. (3) The data from the server can be forwarded to all the users over the Internet which makes remote monitoring system feasible.
Future work will employ more nodes and powerful sink nodes to provide long-term monitoring of five greenhouse groups. Besides, this system can be reinforced by introducing more efficient hardware working styles to make it less aware of environment disturbances.
